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Abstract 
This article identified the production method and the performance of clay brick in Bengkulu Municipality. This study is urgent 
since the available information is very limited. Most brick production in Bengkulu is handmade. Most of the factories use the 
ground as the clay materials. The bricks specimens were taken from 20 factories of 2 sub-districts with the most number of brick 
factories existed.  In order to find out the method and the shrinkage of the brick, 2 brick factories in each sub-district were 
studied. The physical and mechanical properties were done in accordance to Standard Nasional Indonesia (SNI) and ASTM.  
The result shows that there is big gap of the compressive strength of different sub-districts but the strength met the quality of the 
code. While the other properties are rather close in value. The absorption is about 25%. The shrinkage of the brick volume is 
bigger than 42.27% which is smaller than the shrinkage of the weight. This might happen because the clay brick in Bengkulu 
contain only clay. Most factories use clay that is taken from the ground where the factories existed. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the 2nd International Conference on Sustainable Civil Engineering 
Structures and Construction Materials 2014. 
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1. Introduction 
1.1. Historical Background 
Clay brick is generally used as the non-structural wall in Indonesia. Most multi-stories building and dwelling in 
Bengkulu use handmade clay brick as their wall. Thus, number of clay factories grows as the increasing demand of 
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buildings and houses. Meanwhile, the information of the physical and mechanical properties of the brick were very 
limited published. 
There are two kinds of clay brick in Bengkulu namely massive clay brick and hollow clay brick. Most factories 
produce the massive clay brick. The bricks are sold in and around Bengkulu. Most clay brick wall use the massive 
unit.  
This article focused on the physical and mechanical properties of massive unit of clay brick that produced in 
Bengkulu municipality. The physical properties are the dimensions, colour, texture, and density. The mechanical 
properties are the compressive strength and the absorption.  
It is also interesting to find out the report of Elhusna [2] that the shrinkage of the brick volume is more than 30%. 
In that case, the method of brick production should be studied.  
1.2. Clay brick physical properties 
Indonesian code for a clay brick, SNI 15-2094-1991 [3] and SII.0021-78 [4], state that the dimensions are 
differed into several conditions (Table 1). Wisnumurti et al. [5] discovered that the dimensions of the clay brick 
around East Java have not met the quality as desired by the codes in Indonesia.  They are deviated quite far from the 
codes. The density are varied between 1.37 to 1.50 gram/cm3.  
 Table 1. Dimension of the clay brick and the code. 
Description of dimension Dimension (mm) 
Length Width Thickness 
SNI 15-2094-1991    
Dimension 1 240 115 52 
Dimension 2 230 110 50 
Maximum deviation (%) 3 4 5 
SII.0021-78    
M-5a 190 90 65 
M-5b 220 140 65 
M-6 220 110 55 
1.3. Clay brick mechanical properties 
Compressive strength and absorption are important mechanical properties of clay brick. The compressive 
strength of clay brick according to Indonesian Code (Table 2) were based on different classes according to SNI [3] 
and different level according to SII.0021-1978 [4].  
Meanwhile, Wisnumurti et al. [5] was reported that the strength of brick were different for the brick of each area 
of four areas in East Java. The smallest strength was 5.97 kg/cm2 and the biggest one was 9.36 kg/cm2, when the 
average was 7.5 kg/cm2. The absorptions are varied between 12.80 to 17.33%. The brick strength mentioned above 
have not met the code. It is even much smaller than the smallest class in NI-10-1978 code [6]. 
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Table 2. The compressive strength of clay brick. 
Classes Strength (kg/cm2) 
SII.0021-78  
25 25 
50 50 
100 100 
150 150 
200 200 
250 250 
NI-10-1978  
Level 1 >100 
Level 2 80-100 
Level 3 60-80 
2. Research methodology 
2.1. Specimen preparation  
There are two sub-districts with many clay brick factories in Bengkulu. There are more than 20 factories at each 
sub-district namely Muara Bangkahulu and Selebar. This study used clay bricks which taken from 10 factories of 
each sub-districts to find out the properties. Two factories among them at each area were observed to find out the 
production method and the shrinkage of the clay brick. The sizes, density and shrinkage were measured. The colour 
and texture was reported base on the brick visualization. 
  The shrinkage was studied as the brick production observed at the factories. The dimensions and the weight of 
the brick were measured three times; after molding, after drying process and after burning in the kiln.  
The clay brick compressive test and the absorption were done in accordance to ASTM [1]. Since the face side of 
the brick was rough and rather sunken (Fig. 1), the mortar was given to the brick in order to let the load distribution 
spread evenly over the brick surface. The proportion of the volume of cement and sand of the mortar was 1:3. 
 
Fig. 1. The brick compressive test. 
2.2. Specimen testing 
The brick shrinkage value was the comparison of the brick volume and weight after being burned to the fresh 
one. The brick specimens were marked after moulding process. The absorption was the comparison of the weight of 
the brick before and after soaked it for 24 hours. The brick compressive test (Fig. 1) was done when the mortar was 
already 7 days old. All the failure existed at the bricks. 
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3. Result and discussion 
The physical and mechanical properties of the clay brick that have been tested are tabulated in Table 3. The 
production method in observed factories showed that they used similar way of brick production. 
Table 3. The properties of clay brick from the observed factories. 
Properties 
Factories location  
Selebar Muara Bangkahulu 
1 2 1 2 
Dimensions      
Length (cm) 18.1 (1.35) 17.7  (0.96) 18.2  (1.71) 18.4  (2.29) 
Width (cm) 8.7  (1.57) 8.7  (1.57) 8.9  (1.25) 9.0  (0.96) 
Thickness (cm) 4.3  (1.75) 4.5  (1.55) 4.2  (1.58) 4.3  (1.28) 
Density (kg/grm3) 1.35  (0.11) 1.45  (0.10) 1.25  (0.10)  1.24  (0.29) 
Compressive strength (kg/cm2) 67.3  (1.65) 40.7  (0.91) 27.9  (1.23) 24.0  (0.89) 
Absorption (%) 25.7  (0.45) 25.68 (1.02) 25.89  (0.95) 26.49  (0.58) 
Volume shrinkage (%) 42.69  (2.55) 43.17  (3.70) 43.85  (2.63) 42.27  (4.34) 
Weight shrinkage (%) 48.73  (4.44) 63.30  (3.80) 56.13  (1.94) 57.36  (2.64) 
Notes: Data are the average value. Values in parentheses are the standard deviation 
3.1. Clay brick production method 
Most clay brick in Bengkulu contained only clay. The production process of the clay brick at the factories in 
Bengkulu are; preparing the clay to be moulded, continued with moulding and drying maintenance of the fresh clay 
brick and finished by burning them in the kiln (Fig. 2). Since they are handmade, all the production process need at 
least one month.  
   
Clay weathering Brick moulding Brick drying under the sky 
   
Brick drying under the shelter Brick arranging in the kiln Burning the brick 
Fig. 2. Production step of clay brick. 
The clay preparation is done in some steps. They are namely; digging the clay from the ground, continued by 
heaping and covering it with plastic sheet for two or three days to be weathered. The decayed clay then mixes with 
some water. Some worker use mattock and harrow as they trample the clay till it was plastic enough to be moulded.  
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Moulding the clay using timber mould are continued with drying the fresh clay brick for 10 to 14 days depend on 
the weather. The bricks are dried under the sky when it is sunny season and under the shelter during raining season. 
One labour could produce 350 till 500 bricks a day. A factory hired 2 to 3 labours. Burning the bricks in the kiln 
lasted for 2 to 3 days. The bricks are arranged in some kind of order so that all of them could be burned by the cord 
wood.  It needs another 2 to 3 days to cool down the bricks when the burning process finished. Most of the brick are 
distributed around Bengkulu itself. 
3.2. The brick physical properties 
The physical properties studied are colour, texture, dimensions, and density. The brick colour of each location are 
about yellowish orange, reddish orange, and brownish orange. 
Some bricks textures are good while some are poor. The surface appearances of each side are not the same. Three 
surfaces of the brick are not very smooth while the other one is rough. Most of the rough surface was the trace of a 
wire cut when the brick was moulded. The surfaces are not always plane especially at the angles and edges. Yet 
almost all the angles and edges of bricks are a bit sharp (Fig. 3). 
The brick dimensions (Table 3) are smaller than Indonesian codes (Table 1).  The sizes are also smaller than the 
ones in East Java as reported above [2]. None of factories product the brick with the dimensions met the code. 
 
 Fig. 3. The poor and good texture of the clay bricks.  
3.3. The brick mechanical properties 
The mechanical properties studied are the absorption and compressive strength. The good thing of Bengkulu 
bricks are that the compressive strengths meet the code and better than the one in East Java. But the strength 
variations among the factories are quite deviate. Since they are made in the same way, it is important to find out the 
problem.  
It is more unsafe to the consumers when the range of the strength is too big. When the bricks are sold in the 
market, they are going to be just the same to the seller and the consumers.  
It is also can be seen that the shrinkage of the volume of the bricks is more than 42.27% while the weight shrinks 
bigger than the volume. The weight shrinkage is even bigger than half of the fresh brick weight in three of four 
factories which have been studied. It is possibly because the brick contains only clay. As mentioned above, the 
material of brick are only clay mixed with water. This shrinkage can consume much clay while the source is limited.  
The properties of the bricks were taken from 20 factories in two sub-districts (Table 4) was quite different from 
the result of the two brick factories of each sub-districts which have been observed (Table 3).  Comparing the 
properties of the bricks in Table 4, the compressive strengths are smaller than 50 kg/cm2 but still bigger than 25 
kg/cm2. The absorptions are smaller than the one in Table 3.  
Table 4. The properties of clay brick from 20 brick factories. 
Properties 
Factories location 
Selebar Muara Bangkahulu 
Density (kg/grm3) 1.29   (0.06) 1.27   (0.11) 
Compressive strength (kg/cm2) 40.8   (0.92) 36.8  (1.23) 
Absorption (%) 23.95   (2.21) 24.24  (2.32) 
Notes: Data are the average value. Values in parentheses are the standard deviation 
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4. Conclusion 
There is big gap of the compressive strength of the clay brick production among the factories and the location in 
Bengkulu. The absorption is quite big, about 25% of the brick weight. The shrinkage of the volume of the brick is 
bigger than 42.27%, however, this value is smaller than the shrinkage of the weight.  
There must be solution to assure the existence of the clay and the level of the ground as well.  The production 
method and the materials of the clay brick should be investigated in order to reduce the shrinkage since the 
compressive strength has met the code.  
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